Strength of the the symmetry spin filtering effect (as defined by the asymptotic behavior of the tunneling magnetoresistance (TMR) at large barrier thicknesses induced by this effect) is studied for the Fe/MgO/Fe magnetic tunnel junctions (MTJ). Based on the analysis of the band structure of bulk Fe and complex band structure of MgO we predict native for the symmetry spin filtering effect linear increase of the TMR in Fe/MgO/Fe MTJ with increasing number of MgO layers, N . Ab initio calculations of transmission functions performed for the Fe/MgO/Fe MTJ confirm our theoretical predictions for the strength of the symmetry spin filtering effect in broad range of energies and N . Our calculations also show that the combination of the symmetry spin filtering effect and small surface transmission function in minority spin channel at the Fe/MgO interface is responsible for large T M R > 10, 000% predicted for Fe/MgO/Fe MTJ for N 8. Proposed analysis of the strength of the symmetry filtering effect derived from the band structure of bulk electrode material could serve as a tool for quick material discovery search of suitable electrodes in context of emerging technologies that require high TMR.
Strength of the the symmetry spin filtering effect (as defined by the asymptotic behavior of the tunneling magnetoresistance (TMR) at large barrier thicknesses induced by this effect) is studied for the Fe/MgO/Fe magnetic tunnel junctions (MTJ). Based on the analysis of the band structure of bulk Fe and complex band structure of MgO we predict native for the symmetry spin filtering effect linear increase of the TMR in Fe/MgO/Fe MTJ with increasing number of MgO layers, N . Ab initio calculations of transmission functions performed for the Fe/MgO/Fe MTJ confirm our theoretical predictions for the strength of the symmetry spin filtering effect in broad range of energies and N . Our calculations also show that the combination of the symmetry spin filtering effect and small surface transmission function in minority spin channel at the Fe/MgO interface is responsible for large T M R > 10, 000% predicted for Fe/MgO/Fe MTJ for N 8. Proposed analysis of the strength of the symmetry filtering effect derived from the band structure of bulk electrode material could serve as a tool for quick material discovery search of suitable electrodes in context of emerging technologies that require high TMR. Theoretical prediction of high TMR in Fe/MgO/Fe MTJ due to so-called symmetry spin filtering mechanism [1, 2] and its quick experimental verification [3, 4] revolutionized the hard disk drive (HDD) industry during the last decade. But despite a lot of theoretical and experimental attention to this MTJ dependence of the TMR on the number of MgO layers, N , arising from native symmetry spin filtering mechanism is still not fully understood and somewhat controversial [3] . Theoretical calculations based on the density functional theory (DFT) predict that in ideal Fe/MgO/Fe junction TMR should increase very fast with increasing N . More specifically, TMR is predicted to change by as much as two orders of magnitude when N changes form 4 to 12 [1, 5] . In contrast, experimental measurements show that TMR does not depend much on the thickness of MgO [3, 4] .
We explain the controversy between theoretical calculations and experimental results by the fact that fast increase of the TMR predicted previously [1, 5] is a consequence of the contribution to transmission function from the interface resonance states (that exist in minority Fe channel in a very narrow energy window near the Fermi energy, E F [1, [5] [6] [7] [8] [9] ), while native symmetry spin filtering effect, in general, leads to modest linear increase of the TMR with N in the asymptotic limit N → ∞. Thus, absence of strong dependence of measured TMR on N could be explained by the interface roughness that destroys the interface resonance states (IRS).
In this paper we also describe features of the band structure of bulk electrode material that give more stronger ∝ N 2 dependence of the TMR on N in the limit N → ∞. Proposed below analysis of the strength of the symmetry filtering effect based on the bulk band structure of candidate electrode material could serve as a tool for quick material discovery search of suitable electrodes in context of emerging technologies that require high TMR. As an example of such technology that critically depends on discovery of novel MTJs with high TMR we mention spin-transfer torque magnetoresistive random-access memory (STT-MRAM) technology (that has a potential to become an 'universal memory' [10] ) where the pool of candidate electrode materials includes several hundreds Heusler allays, magnetic multilayers, etc.
For the Fe/MgO/Fe MTJ with sufficiently large MgO thickness the transmission function for electrons with inplane wave vector k and energy E inside the MgO band gap is determined by single surviving evanescent state inside the MgO barrier at this k and E, ψ e (k, E), that has smallest attenuation constant, γ(k, E). Transmission function in the limit N → ∞ is given by [11] 
where subindexes σ and σ ′ describe the spin channel of the left and right electrodes, correspondingly. (We use notations where σ takes two values, u and d (short for "up" and "down") for majority and minority spin channel, correspondingly. Thus, T uu and T dd are majoritymajority and minority-minority transmission in parallel configuration (PC) of the electrodes, and T ud and T du are majority-minority and minority-majority transmission in antiparallel configuration (APC) of the electrodes.) The coefficient t σkE in (1) is the so-called surface transmission function (STF) defined for each electrode separately (in the case of different electrodes) by solution of the scattering problem at the electrode-barrier interface
Here summation is taken over all eigenstates p of the electrode with given σ, k and E, A p is amplitude of the eigenstate p incoming from the electrode and B e is corresponding amplitude of the scattering wavefunction inside the barrier taken at the reference plane -plane located at sufficient distance from the interface where scattering wavefunctions for all p are already indistinguishable from surviving evanescent state ψ e (k, E). Strictly speaking, with such definition of the t σkE , N in Eq. (1) is the number of MgO layers between reference planes corresponding to the two electrode-barrier interfaces, but we will use total number of MgO layers, N , in Eq. (1) assuming proper re-definition of the t σkE . In general, for different electrodes, t σkE should also have the electrode index (left or right), but for Fe/MgO/Fe MTJ two electrodes are the same, so the notation t σkE without reference to the left or right electrode is used in (1) . Total transmission of the MTJ is given by the kintegral over the 2D surface Brillouin zone (SBZ)
where A is the in-plane cross-sectional area of the device.
We emphasize two important features of the Eq. (1) for transmission function: (1) due to the flux conservation the same STF t σkE describes two different processestransmission from the electrode to the barrier and transmission from the barrier to the electrode, and (2) STF of two electrodes are independent from each other (electrodes are decoupled). One nontrivial consequence of decoupling of the two electrodes and transmission through single channel inside the barrier as described by Eq. (1) is that in the limit N → ∞ transmission in APC can be expressed in terms of transmission functions for majority and minority electrons in PC, lim N →∞ T ′ ud (E) = T ud (E), where
In order to determine at what barrier thickness the asymptotic expression (1) becomes valid in the case of Fe/MgO/Fe MTJ we performed calculations of transmission functions T ud (E) and T ′ ud (E) for different N using an ab-initio tight-binding linear muffin-tin orbitals (TB-LMTO) methods in its atomic spheres approximation (ASA) [12] [13] [14] . Results of these calculations for N = 4, 6, 8, 10, and 12 are shown on Fig. 1(a) . One can see that T ud (E) defined by Eq. Evanescent state of MgO with smallest attenuation constant is the state ψ e (k, E) with k = 0 [1] . This state has ∆ 1 symmetry (function ψ e (0, E) stays invariant with respect to the square-symmetry transformations of (x, y) coordinates). For small k the attenuation constant could be approximated as
It is well known [1] that Fe has ∆ 1 -symmetry majority electron band along the Γ−H line in 3D BZ (Γ−H line in 3D BZ corresponds to the k = 0 in 2D SBZ) with energies near E F (see Fig 4(b) ). This ∆ 1 -symmetry state could couple with the ∆ 1 -symmetry evanescent state of MgO, so the majority STF t u,k=0,E is not zero. On the other hand, Fe does not have minority electron bands with ∆ 1 -symmetry along the Γ−H line with energies near E F (see Fig 4(c) ). Thus, minority STF t d,k=0,E = 0 (for k = 0 the overlap integral at the Fe/MgO interface between Fe minority states with symmetries other then ∆ 1 -symmetry and the evanescent state of MgO with ∆ 1 -symmetry is zero by the symmetry).
The ∆ 1 -symmetry evanescent state ψ e (0, E) of MgO mostly consist of s-orbitals of Mg and p z orbitals of O. In the spirit of the perturbation theory, for small but non-zero k the eigenstate function ψ e (k, E) could be represented as ψ e (0, E) plus some small terms proportional to k (we consider here changes in the orbital composition of the eigenstate function inside the unit cell and factor out the global unit cell to unit cell translation factor exp (kr)). In the linear over k approximation the p z orbital of O that is aligned along z -axis will rotate to small angle proportional to |k|, so ψ e (k, E) will include p x k x and p y k y terms where p x and p y are the p-orbitals of the O atom. At the Fe/MgO interface the p x and p y orbitals of O have non-zero overlap integral with two minority Fe ψ Both described above contributions to the overlap integral at the Fe/MgO interface between either of the two ψ ∆5 d (k, k z ) eigenstates and ψ e (k, E) eigenstate are proportional to k for small k. Thus, the scattering amplitude B e inside the the barrier originated from incoming ψ ∆5 d (k, k z ) is proportional to k. Since the expression for the t σ,k,E (2) includes the square of the scattering amplitude, |B e | 2 , the t d,k,E is proportional to the k 2 for small k.
Using Eq. (1) with above estimations for majority and minority STFs, t u,k,E ∝ 1 and t d,k,E ∝ k 2 , we can write expressions for k-resolved transmission functions in the limit of small k:
Here A uu is a constant (for fixed energy), and f ud (k/|k|), in general, is functions of the k-direction, k/|k|. Note, that in the Eq. (8) square of the function f ud (k/|k|) is used, as prescribed by the Eq. (1) that demands the equality
From Eqs. (9-11) we can finally derive the large-N asymptotic behaviour of TMR for energies near E F
Eq. (12) gives native asymptotic behavior of the TMR enhanced due to the symmetry spin filtering effect (in other words, the strength of the effect) in the Fe/MgO/Fe MTJ.
The k-resolved transmission T ud (k, E) is not equal to zero at k = 0 if contributions of the higher-order channels inside the MgO barrier with attenuation constants γ ′ (k, E) > γ(k, E) (and symmetry other than the ∆ 1 -symmetry at k = 0) are taken into account. Such contributions to T ud (k, E) at k = 0 were used to explain the nature of the symmetry spin filtering effect in existing literature [1] . We note, however, that contribution to the k-integrated transmission T ud (E) from such terms is proportional to exp (−γ ′ (0, E)N ) and negligible compared to Eq. (10) in the limit of large N .
Authors of recent work [15] correctly found that T uu (k, E) and T ud (k, E) transmissions in the Fe/MgO/Fe MTJ have the same decay rate for sufficiently thick MgO barrier and obtained correct linear increase of TMR with N for 15 < N < 30 at the Fermi energy (the effect of the IRS has not been discussed in the paper). However, they did not consider the effect of the difference of the majority and minority STFs at |k| ∼ 0 on the k-integrated transmissions and concluded, in disagreement with their own numerical results, that in the limit N → ∞ TMR will eventually saturate to a constant. Linear with N behavior of TMR for 10 < N < 20 in the Fe/MgO/Fe MTJ has been also obtained within a tight-binding framework in [2] and later reproduced in [16] where effect of the chemical disorder at the interface was studied.
The asymptotical behavior of the T M R(E) described by Eq. (12) exists in the energy window from E F −0.4 eV to E F + 1.4 eV. For E > E F + 1.4 eV the ∆ 1 -symmetry band appears in minority channel at the Γ−H line (see Fig 4 (c) ), so T M R(E) will decrease to T M R ∝ 1 at E > E F + 1.4 eV. For E < E F − 1.0 eV the ∆ 1 -symmetry band disappears in majority channel (see Fig 4 (b) ), so T M R(E) again will decrease to T M R(E) ∝ 1 at E < E F −1.0 eV. For E < E F −0.4 eV the ∆ 5 -symmetry band disappears in minority channel (see Fig 4 (c) ). Thus, in the range of the energies E F − 1.0 eV < E < E F − 0.4 eV the ∆ 1 -symmetry band still exists in majority channel and only ∆ 2 -symmetry band exists in minority channel along the Γ−H line (see Fig 4(b,c) ).
In the spirit of the perturbation theory, the minority Fe eigenstate ψ is composed primary of the d x 2 −y 2 orbitals of Fe. In the linear over k approximation the d x 2 −y 2 orbital will rotate to small angle in order to accommodate new propagation direction (k x , k y , k z ) instead of (0, 0, k z ) (here k z is the wave-vector that corresponds to energy E for the ∆ 2 -symmetry band at k = 0). It is straightforward to show that d
. (13) One can wee the the overlap integral at the Fe/MgO interface between the ψ ∆2 d (k, k z ) and ψ e (k, E) eigenfunctions is non-zero only in the second order over |k|. Thus, the scattering amplitude B e inside the the barrier originated from incoming ψ ∆2 d (k, k z ) eigenstate is proportional to |k| 2 and the STF t d,k,E is proportional to k 4 for small k in the energy window E F − 1.0 eV < E < E F − 0.4 eV. In this energy window the T uu (k, E) is still given by Eq. (6), while T ud (k, E) and T dd (k, E) will contain more orders of |k| 2 at small |k|:
Performing the k integration (3) we can obtain the asymptotic expression for T M R(E) at energies E F − 1.0 eV < E < E F − 0.4 eV:
which, at practical MgO thicknesses, N ∼ 10, gives an additional order of magnitude enhancement of the TMR compared to the T M R ∝ N case described by Eq. (12) . In order to confirm theoretical formulas derived above we performed ab initio calculations of transmission functions for the Fe/MgO/Fe MTJ with N = 4, 6, 8, 10, and 12 by using the TB-LMTO-ASA Green's function approach [12] [13] [14] . We used relaxed nuclear coordinates of the Fe/MgO interface from Ref. [17] .
On Fig 2 (a) we show attenuation constant γ(0, E) estimated from Eq. (9) using T uu (E) for N = 10 and 12:
In order to verify convergence of calculated γ(0, E) with respect to N we plotted the product T uu (E)N exp [γ(0, E)N ] for N = 6, 8, 10 and 12 on Fig.  2(b) . As can be seen the curves for N = 8, 10 and 12 are indistinguishable on the figure confirming both validity of the asymptotic formula (9) and convergence of calculated γ(0, E) with respect to N for broad range of energies. Decline of the γ(0, E) at E = E F − 0.85 eV could be explained by approaching the edge of the ∆ 1 -symmetry majority band that occurs at the energy slightly below E = E F − 0.85 eV (see Fig 4(b) ). The k-resolved transmission functions T uu (k, E), T ud (k, E), and T dd (k, E) calculated for the Fe/MgO/Fe MTJ with N = 10 for 6 energy points E − E F = −0.8, −0.4, 0, 0.05, 0.4 and 0.8 eV are presented on 6 panels of Fig. 3 as functions of the absolute value of the wavevector |k| (shown in units of 2π/a, where a is the lattice constant of Fe). The mesh of 128 × 128 divisions of the full SBZ was used that resulted in 2145 k-points in the irreducible wedge of the SBZ (ISBZ). (These 2145 k points of the ISBZ were used for plotting Fig 3. ) For each transmission function corresponding theoretical curve (shown by red dashed line) that describes the small |k| behavior of the transmission is also plotted. Theoretical curves for T uu (k) transmission were fitted according to the Eq. (6) using γ(0, E) shown on Fig. 2 (a) and two fitting constants: A uu and α. Theoretical curves for T ud (k) transmission were fitted according to the Eq. (14) for E − E F = −0.8 eV and according to the Eq. (7) for other energy points with additional fitting constant f ud that corresponds to the maximum value of the function f ud (k/|k|), f ud = max k f ud (k/|k|). Theoretical curves for T dd (k) transmission were plotted according to the Eq. (15) for E − E F = −0.8 eV and according to the Eq. (8) for other energy points without any additional fitting constants.
One can see that theoretical curves describe the small |k| behavior of all transmission functions rather well in broad range of energies, including the E − E F = −0.8 eV energy where behavior of the T ud (k) and T dd (k) changes from that described by Eqs. (7) (8) , to that described by Eqs. (14) (15) . We stress that behavior of the T dd (k) transmission is very well described by corresponding theoretical curve that was plotted without any additional fitting -by using only the constants derived from fitting the T uu (k) and T ud (k) functions (which provides yet another conformation of validity of Eq. (1)). For all six energy points theoretical curves correctly predict small |k| behavior of the T uu (k) function up to |k| ∼ 0.2, where T uu (k) is reduced by many orders of magnitude from its maximum. Theoretical curves for T ud (k) and T dd (k) functions start to deviate from actual transmissions at |k| ∼ 0.1, where small |k| approximation becomes invalid. The theoretical curves correctly describe the local maximum of the T ud (k) for all considered energy points except E − E F = −0.4 eV energy which is a transitional point where ∆ 5 minority band disappears (see Fig 4 (c) ). Due to corresponding Van Hove singularity in the density of states (DOS) at this energy the maximum of the T ud (k) is the largest one for E − E F = −0.4 eV as compared to maximums of T ud (k) for another five energy points (which leads to the smallest TMR at N = 10 compared to other energy points, see Fig. 4 (a) and Fig.  5) .
The global maximum of the function T ud (k) does not coincide with the local maximum described by the theoretical curves also for two other energy points: E − E F = −0.8 eV and E = E F . For E − E F = −0.8 eV the small |k| region is strongly suppressed by the |k| 4 factor (see Eq. 14), so T ud (k) near the M point (M point on Fig. 3 corresponds to largest |k| = 1/ √ 2) is larger compared to T ud (k) near |k| = 0. At sufficiently large N the contribution from |k| = 0 region will eventually become dominant, but this asymptotic has not been reached yet at N = 10 for E − E F = −0.8 eV.
The global maximum of the T ud (k) at the E = E F energy point reached at |k| ∼ 0.15 is not described by Eq. (7) and corresponds to the interface resonance states existing in narrow energy window near E F [1, [5] [6] [7] [8] [9] . The IRS are very sensitive to small changes of the energy and, as can be seen on Fig 3, the peak in T ud (k) associated with IRS disappears already at E − E F = 0.05 eV. The IRS contribution to the APC transmission can be seen as narrow peak on Fig. 1(a) with maximum at E − E F = −0.009 eV and width ∼ 0.02 eV (at N = 10), and also, as narrow dip in the TMR, on Fig. 4(a) . We note that energy position of the IRS states is very sensitive to the details of the Fe/MgO interface and depends on the DFT functional used for relaxation of the interface structure [8] . In addition, recent beyond-DFT QSGW calculations show that IRS peak in DOS is shifted from E = E F (as predicted by DFT) to E = E F + 0.12 eV [9] , which is in agreement with experimental measurements [18] . Figure 4(a) shows T uu (E)/(N × T ud (E)) as function of the energy for N = 4, 6, 8, 10 and 12. It is seen that for all considered N functions T uu (E)/(N × T ud (E)) are very close to each other in energy range E > E F + 0.4 eV, thus confirming that linear with N asymptotic behavior of the TMR (12) resulted from native symmetry filtering effect is established in Fe/MgO/Fe MTJ starting already with N = 4 for E > E F + 0.4 eV. Established linear asymptotical behavior is also seen on Fig. 5(b) where TMR is plotted as function of N for several energy points with E E F + 0.4 eV. For energies between, approximately, E F − 0.2 eV and E F + 0.2 eV the asymptotic behavior is reached at larger N due to two factors (1) contribution of the IRS to T ud (E), and (2) generally smaller STF of minority electrons, t dkE , at |k| ∼ 0 in this energy window (as compared, for example, to t dkE at E > E F + 0.4 eV) that leads to increased relative contribution to the T ud (E) from parts of the SBZ other then |k| ∼ 0 (although the contribution of the |k| ∼ 0 region to T ud (E) still increases with increased N ).
As seen on Fig 4(a) and also on Fig 1(a) , the width of the IRS peak reduces with increased N due to decaying of the IRS states with |k| > 0 inside the barrier with attenuation constant larger then γ(0, E). As a result, curves with N = 10 and 12 shown on Fig 4(a) are very close to each other for the whole range E > E F − 0.4 eV, except small region with width ∼ 0.02 eV near E F where the contribution of some IRS states (states with |k| ∼ 0) to the T ud (E) still survives.
The fact that minority STF t dkE at |k| ∼ 0 for E between E F − 0.2 eV and E F + 0.2 eV is smaller compared to that outside of this energy window can also be seen by comparing the k-resolved transmission T ud (k) on Fig. 2 for E − E F = 0 and 0.05 eV with that for E − E F = −0.4, 0.4 and 0.8 eV. (Note that majority STF t ukE does not change much in broad energy range E > E F − 0.4 eV, as can be concluded from comparing T uu (k) on panels corresponding to different energy points on Fig 2 and smooth behavior of the T uu (E) shown on Fig 1(b) and Fig 2(b) .) Small STF of minority electrons for energies between E F − 0.2 eV and E F + 0.2 eV results in larger values of TMR for N 6 at this energy window (see Fig. 4(a) and Fig. 5 ) as compared to the TMR outside of this window, but within broader window E > E F − 0.4 eV where ∆ 5 minority Fe state still exists. Finally, in the combination with the symmetry filtering effect, reduced STF of minority electrons at the Fe/MgO interface at |k| ∼ 0 is responsible for large T M R > 10, 000% predicted for Fe/MgO/Fe MTJ at E = E F for N 8 in this and previous works.
In the energy window from E F − 1.0 eV to E F − 0.4 eV there is no ∆ 5 -symmetry state along the Γ−H line in minority Fe channel (see Fig 4(c) ), so T M R ∝ N asymptotic behavior changes to the T M R ∝ N 2 asymptotic behavior (see Fig. 4(a) and Fig. 5(a,c) ). The maximum of T uu (E)/(N × T ud (E)) occurs at E = E F − 0.85 eV where T ud (E) is small due to the |k| 4 factor in T ud (k), while T uu (k) is enhanced due to the Van Hove singularity at the edge of the ∆ 1 majority Fe band (see Fig 1(b) and Fig 4(b) ).
Calculated TMR is shown as function of N on . Fig 5(c) shows TMR for E = E F − 0.4 eV (in the scale larger then that of Fig 5(a) ) and T M R 1/2 for E − E F = −0.8 and −0.6 eV. The TMR shown on Fig 5 is calculated using the definition T M R = T uu /(2T ud ) − 1 that neglects the T dd contribution to transmission in PC. In general, T dd is much smaller compared to T uu except the case of small N where at energies near E F IRS contribution to T dd is significant and T dd becomes comparable with (or even larger then) T uu . As was noted in [5] the contribution of IRS to T dd is significant due to the energy matching of the surface resonances at the left and right Fe/MgO surfaces that occurs "only for ideal, symmetric junctions, and only at zero bias". Slight non-ideality in any of the electrode or bias voltage as small as 0.01 V is sufficient to destroy this resonance matching [5] .
The TMR curves shown on Fig 5 have linear with N asymptotic behaviour for all energy points except E − E F = −0.8, −0.6 and 0 eV. For energy points with E E F + 0.4 eV linear with N behavior starts already with N = 4. For E −E F = −0.4 eV linear behavior starts somewhat latter, at N = 8 due to approaching Fe minority ∆ 5 band edge (see Fig. 4(c) ) and corresponding reduction of the k integration range where ψ ∆5 d (k, k z ) bands still exist (see fast drop of the T ud (k, E)) at |k| ∼ 0.08 at this energy shown on Fig 2) . For E − E F = −0.2 and 0.2 eV linear with N behavior begins also somewhat latter, at N = 8, due to generally small STF t dkE at |k| ∼ 0 for E between E F − 0.2eV and E F + 0.2 eV and, therefore, enhanced weight of the contributions from other then |k| ∼ 0 parts of the BZ at smaller N .
For E = E F linear asymptotic regime is not established yet even at N = 12 due to narrow IRS-related peak in T ud (E) (although, as seen on Fig 4(a) , linear asymptotic is established already for N = 10 for energies just 0.1 eV smaller or larger then E F ). (Here we stress again that in real experiment the contribution of the IRS will be suppressed due to interface roughness.)
As can be concluded from linear behavior of the T M R 1/2 as function of N shown on Fig 5(c) for energy E − E F = −0.6 eV, the asymptotic behavior T M R ∝ N 2 starts already with N = 6. For E − E F = −0.8 eV asymptotic behavior T M R ∝ N 2 (or T M R 1/2 ∝ N ) begins somewhat latter, at N = 8, due to enhanced weight of the contributions from other then |k| ∼ 0 parts of the BZ at smaller N , as we noted in discussion of the Fig 3. In conclusion, from the analysis of the band structure of bulk Fe and complex band structure of MgO we predicted native to the symmetry spin filtering effect asymptotical behavior of the TMR in Fe/MgO/Fe MTJ: T M R ∝ N for energies from E F −0.4 eV to E F +1.5 eV and T M R ∝ N 2 for energies from E F − 1.0 eV to E F − 0.4 eV. Ab initio calculations of transmission functions performed for the Fe/MgO/Fe MTJ confirm these theoretical predictions in broad range of energies and N .
Large TMR obtained at energies near E F (T M R > 10, 000% for N 8) is attributed to the combination of the symmetry spin filtering effect and small surface transmission function of the minority Fe electrons at the Fe/MgO interface for |k| ∼ 0 that leads to additional ×10 enhancement of the T M R at energy near E F compared to that at E > E F + 0.4 eV or E ∼ E F − 0.4 eV.
Super-linear behavior of T M R at energies near E F obtained in this and previous theoretical works [1, 5] is associated with contribution of the interfacial resonance states (quickly decaying with N ) to the APC transmission. In real experiment the IRS contribution is suppressed due to surface roughness thus providing natural explanation why no strong dependance of the TMR on N have been found experimentally. Moreover, since the overlap integral at the Fe/MgO interface between Fe minority eigenstates and the ∆ 1 -symmetry MgO eigenstate is proportional to |k| 2 at |k| ∼ 0 only because of mismatching symmetry of these eigenfunctions, surface roughness and/or interface chemical disorder that breaks the symmetry of the wave functions at the interface will inevitably lead to non-zero value of the the overlap integral at |k| = 0 and therefore to saturation of the TMR at large N which is observed experimentally [3, 4] . In addition non ideal surface (due to interface chemical disorder or steps in surface layers) induces scattering of |k| > 0 Fe minority states into |k| = 0 MgO barrier eigenstate that also leads to the saturation of the TMR at large N [16] .
Our prediction for the strength of the symmetry filtering effect is based on simple analysis of the band structure of bulk electrode material. Thus, such analysis could be used as a tool for quick material discovery search of novel MTJs in context of emerging technologies that requires high TMR, including STT-MRAM technology where the pool of candidate electrode materials includes several hundreds Heusler allays and magnetic multilayers. 
